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4. Abstract

Of all pancreatic malignancies, pancreatic ductal adenocarcinoma (PDAC) is the most
common at more than 90%, making it the most prevalent of all pancreatic neoplastic
diseases. Today, it represents the fourth leading cause of cancer-related death, worldwide.
Genetically engineered mouse models (GEMMs) have enabled scientists to investigate
molecular, histological and clinical hallmarks of PDAC. Recently developed transgenic mouse
models with a dual recombinase system (DRS) allow controlled genetic modeling and
manipulation of sequential multistep tumorgenesis. Our group previously showed that PDK1
is essential for KRAS-driven pancreatic cancer growth and maintenance making it a putative
therapeutic target in future cancer treatment. However, few cell clones resisted PDK1
deletion. A genetic CRISPR/CAS9 knockout (KO) screen revealed numerous potential genes
whose deletion compensated growth arrest in PDK1-deficient PDAC cells; including the
tumor suppressor Pten. In this dissertation a murine model with a DRS allowing us to
subsequently delete PDK1 was used to investigate the in vitro effect of PTEN-KO in PDK1-
deficient cells. Clonogenic assays as well as flow cytometry based cell cycle assays showed a
significant rescue effect after KO of PTEN, thereby validating PTEN-loss as a mechanism to
survive PDK1 deletion induced growth arrest in PDAC cells. The quantitative protein analysis
of PTEN-KO cells indicates that compensatory changes in PI3K/AKT signaling, such a p-AKT
and mTOR upregulation, likely contribute to their resistance. To validate the molecular

mechanism, further experiments will be necessary.



5. Introduction
5.1 Pancreatic ductal adenocarcinoma (PDAC)

Patients diagnosed with PDAC are facing the poor 5-year survival rate of less than 8% and a
mean survival time of six to eight months (Gillen, Schuster et al. 2010, Orth, Metzger et al.
2019). Today, PDAC represents the fourth-leading death related cancer diagnosis worldwide
(Orth, Metzger et al. 2019). Because the available diagnostic tests are lacking in specificity,
they may miss patients with early-stage disease (Rawla, Sunkara et al. 2019). In fact, only
20% of the affected patients present with operable stages of carcinoma whereas the
remaining 80% are diagnosed with advanced and inoperable stages or often distant
metastases (Orth, Metzger et al. 2019). Smoking, obesity, diabetes or alcohol consumption
represent well-known risk factors for this entity of cancer (Rawla, Sunkara et al. 2019).

Usually as the first-line treatment, systemic chemotherapy using nucleoside analogues as a
monotherapy, in combination with other chemo therapeutics or other therapeutic
modalities like radiotherapy are applied. In the last decade an increased incidence and
mortality rate of pancreatic cancer was recorded. Despite persistent research in this field,
PDAC still has an incident/mortality ratio of 94% (Bray, Ferlay et al. 2018, Rawla, Sunkara et

al. 2019) which emphasizes the urge to find specific therapies for affected patients.

5.2 Oncogenic KRAS signaling

KRAS is a small GTPase, which normally changes between a GTP-bound active and a GDP-
bound inactive mode. This switch between the two states of activity is controlled by guanine
nucleotide exchange factors (GEFs), which lead to an active state by stimulating the
exchange of GDP for GTP and by GTPase activating proteins (GAPs), which lead to an inactive
state by stimulating GTP hydrolysis (Scheffzek K. and Kabsch W. 1997, Vigil, Cherfils et al.
2010). KRAS activation in healthy cells is a result of extracellular stimulation of receptor
tyrosine kinases (RTKs) and other membrane receptors by growth factors (Waters and Der
2018). It plays an important role for cell cycle progression, proliferation and survival as it
stimulates multiple effector signaling pathways like the RAF/MEK/extracellular signal-related
kinase (ERK), also known as mitogen-activated protein kinase (MAPK) pathway, and the

phosphoinositide 3-kinase (PI3K)/phosphoinositide-dependent kinase 1 (PDK1)/AKT axis
9



(Figure 1). These represent the main signaling pathways in PDAC (Campbell, Groehler et al.
2007, Ferro and Falasca 2014, Waters and Der 2018). Activating mutations of Kras can be
found frequently in human lung, colon or pancreatic cancer (Cox and Der 2010, Cox, Fesik et
al. 2014). A study showed that activating mutations of the proto-oncogene Kras were found

nearly ubiquitously in PDAC (Waddell, Pajic et al. 2015). Most mutations in PDAC alter a

G12A G12D

glycine at amino acid 12 to an aspartate or valine amino acid (Kras or Kras
respectively) leading to steric clashes, which then block the interaction of KRAS with GAPs.
This terminates GTP hydrolysis, resulting in a state of constitutively active KRAS (Scheffzek K.
and Kabsch W. 1997, Ferro and Falasca 2014). There are numerous KRAS downstream
effector pathways described. In the following, the PI3K/PDK1/AKT pathway is described in

detail.

5.3 The PI3K/PDK1/AKT axis

Phosphoinositide 3-kinase signaling plays an important role in a variety of cellular processes
like migration, cell growth, proliferation or survival (Canley 2002). Grouped into three
classes, eight mammalian PI3K enzymes are described. Class | PI3K enzymes (PI3Ka, PI3K[,
PI3Ky and PI3Kd) are heterodimers consisting of a regulatory and a catalytic subunit. For
class 1, four catalytic subunits of 110 kDa can be differentiated respectively: p110a p110p,
p110y and p1106 (Fruman and Rommel 2014). The regulating subunit mediates the
activation ofthe catalytic p110 subunit when interacting with phosphotyrosine residues of
activated growth factor receptors. When active, PI3K catalyzes the phosphorylation of the
membrane lipid phosphatidylinositol (4, 5)-biphosphate (PIP2) to phosphatidylinositol (3, 4,
5)-triphosphate (PIP3). This reaction is reversed by the phosphatase and tensin homologue
(Pten), which thereby inactivates PI3K signaling. Proteins with a pleckstrin-homology (PH)
domain interact with PIP3; by directly binding to it. Important downstream effectors of PI3K
are the phosphoinositide-dependent kinase 1 (PDK1) and AKT both representing serine-
threonine kinases. With their PH domains, PDK1 and AKT bind PIP3 and get recruited to the
cellular membrane in proximity, which enables the phosphorylation of AKT at threonine 308

(T308) by PDK1 (Alessi, Deak et al. 1997, Canley 2002, Kikani, Dong et al. 2005). This allows

10



AKT to be phosphorylated at its serine residue 473 (S473) and thus being fully activated by
mammalian target of rapamycin complex 2 (mTorC2) (Emmanouilidi, Fyffe et al. 2019, Shi,
Wang et al. 2019). Activated AKT subsequently phosphorylates many other target proteins
thereby regulating multiple cellular functions like promoting cell metabolism, cell cycle
progression, survival and protein synthesis: AKT down-regulates forkhead (FOXO) family of
transcription factors, TSC2 as well as glycogen synthase kinase 3 (GSK3). Additionally, the
pro-apoptotic protein Bad can directly be phosphorylated by AKT, which leads to its
inactivation (Engelman, Luo et al. 2006). It was shown that induction of pancreas specific
oncogenic PI3K signaling in mouse models lead to sequential step tumorgenesis.
Histopathological anaylsis showed ADM developing to PanIN-3 representing carcinoma in

situ (Eser, Reiff et al. 2013). This data emphasizes the relevance of PI3K signaling in PDAC.

5.4 PDK1 in PDAC

PDK1, a 63 kDa protein (Stephens, Anderson et al. 1998), plays a critical role in the PI3K/AKT
pathway as described above. Besides contributing to full activation of AKT downstream of
PI3K, PDK1 functions as a master kinase phosphorylating and activating many other
members of the AGC kinases, such as S6K, SGK or some PKC isoforms (Raimondi and Falasca
2011). Having in mind that in 97% of human PDAC oncogenic KRAS is found (Cox, Fesik et al.
2014), PDK1 represents an attractive target protein in pancreatic cancer (Emmanouilidi,
Fyffe et al. 2019) as it is a key downstream effector of KRAS (Raimondi and Falasca 2011,
Ferro and Falasca 2014). The Saur lab showed in a previous study that Pdk1 inactivation in
both allels entirely impaired PanIN and PDAC formation in Murine Kras®'?® models, whereas
PanIN and PDAC formation was not blocked only deleting one Pdk1 allel. To demonstrate
whether PDK1/PI3K signaling might serve as a target in PDAC therapy, an oral selective PI3K
inhibitor (GDC 0941) was applied which inhibited growth of murine Kras®'2° driven PDAC and
human derived PDAC cells in vitro. Furthermore GDC 0941 treatment stabilized cancer
growth in vivo, whereas control mice showed rapid tumor progression (Eser, Reiff et al.

2013).

11
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Figure 1. The PI3K and MAPK signaling pathways function as downstream
effector pathways of RAS. Stimulated by growth factors, receptor tyrosine
kinases activate RAS, leading to an activation of the PI3K/AKT signaling pathway
as well as the RAF/MEK/ERK signaling pathway, promoting cell growth,
proliferation and survival (Downward 2008).

Reprinted by permission from Springer Nature: Nature Medicine (Downward
2008)

5.5 PTEN

The tumor suppressor phosphatase and tensin

PI3K
homologue deleted on chromosome 10 (PTEN) is q TN q

a dual lipid and protein phosphatase, which is
Figure 2. PTEN reverses the catalytic

commonly altered in human cancer cells. The reaction of PI3K

protein is known for its function in antagonizing

the PI3K pathway by dephosphorylating its primary substrate PIP; to PIP,. (Figure 2).
Consequently, the second messenger PIP3 cannot fulfill its functions such as recruiting AKT to
the cellular membrane where it would be activated. Thus, PTEN is inhibiting cell growth,
survival and proliferation by antagonizing the PI3K/AKT axis (Hopkins, Hodakoski et al. 2014,
Milella, Falcone et al. 2015). Also nuclear functions of this protein are described. In the

nucleus it promotes genomic stability (Hopkins, Hodakoski et al. 2014) via interaction with

12



the centromere-specific binding protein C (CENP-C) (Shen, Balajee et al. 2007). Additionally,
PTEN plays a role in cell cycle progression, by decreasing nuclear Cyclin D1 level (Milella,
Falcone et al. 2015). It has been demonstrated that down regulation of PTEN is common in
human PDAC. Ying, Elpek et al. reported in their study from 2011 that 70% of their PDAC-
samples showed no or low PTEN-expression in comparison to the surrounding stroma.
Furthermore, this tumor suppressor seems to promote Kras®'?P-driven pancreatic cancer. A
study revealed an accelerated and also intensified phenotype of acinar-to-ductal metaplasia
(ADM) as well as malignant progression in Kras®2®/* pten-KO mice (Hill, Calvopina et al.

2010).

5.6 Genome editing with CRISPR/CAS9

To study the function of a gene, a common approach in research is to shut down the gene or
to over express it. The term “clustered regularly interspaced short palindromic repeats
(CRISPR)/CRISPR-associated (CAS) protein 9” describes a system which allows researchers to
knock out (KO) genes encoding for specific proteins (Zhang, Wen et al. 2014). CRISPR/CAS9
was discovered in bacteria and archaea functioning as an acquired immune system against
viruses and plasmids (Jinek, Chylinski et al. 2012). In this endogenous system, the Cas
nuclease processes foreign DNA into small fragments which then can be integrated as
spacers into the CRISPR locus. In case of a virus or phage infection, these spacers can be
used as templates for producing CRISPR targeting RNA (crRNA) guiding the CAS
endonuclease together with the trans-activating RNA (tracRNA) to the invading DNA, which
then is cleaved and thus rendered harmless (Zhang, Wen et al. 2014, Zhan, Rindtorff et al.
2019). The CRISPR/CAS system is classified into three types (I, II, 1ll). System II, which only
needs a single CAS protein for DNA cleavage (CAS9) has been shown to be an effective and
simple tool in genome editing (Zhang, Wen et al. 2014). Also the development of a single
guide RNA (sgRNA) instead of the endogenous combination of crRNA and tracrRNA further
simplified the system. The 20 bp sgRNA sequence together with the precedent three
nucleotide protospacer adjacent motif (PAM) sequence ensures binding specificity at the
targeted sequence. Then, two nuclease domains implement a double strand break at this

DNA locus. This damage causes the host cell to response with one of two repair mechanisms,
13
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Figure 3. The CRISPR/CAS9 system enables targeted
genome editing

CAS9 endonuclease is guided to its target DNA
sequence by the sgRNA where it cleaves the DNA
resulting in a double strand break. The host cell reacts
to this damage with repair mechanisms: Non
homologous end joining (NHEJ), causing random
insertions/deletions or homology directed repair (HDR),
which enables precise editing using a donor DNA
template. (Zhan, Rindtorff et al. 2019) Adapted from
Zhan et al. 2019, Seminars in Cancer Biology, Elsevier

non homologues end joining (NHEJ) or
homology directed repair (HDR, Figure
3). The defective NHEJ mechanism
often causes insertions or deletions
(indels) in the genome. These indels
can lead to frameshift mutations, stop
codon insertions

or nonsense

mutations, resulting in a loss of

function of the protein encoded by the

affected gene. HDR reconstitutes
cleaved DNA via assisted
recombination of DNA  donor
templates. This mechanism allows

researchers to integrate a precise

mutation by introducing donor DNA

templates to the targeted cell (Zhan,
Rindtorff et al. 2019). The CRISPR/CAS9
technique enables pooled genetic
screens in a genome-wide manner

(Doench 2018).

5.7 A Murine model for controlled Pdk1-deletion

To investigate effects of a Pdkl deletion in pancreatic cancer cells, an adequate Murine

model is necessary. Classical Cre-loxP-based mouse models have been developed, but they

only allow a single step recombination which can be used to activate oncogenic KRAS

expression to generate tumor mice. The Saur lab developed a new generation of genetically

engineered mouse models (GEMMs) enabling the opportunity to genetically validate

14



possible targets or resistance mechanisms of PDAC. The dual recombinase system (DRS) of
this GEMM is based on the FLP- and CRE-recombinase. Mice with the genotype Pdx1-Flp;FSF-
Kras®120/+;FSF-R26CAC-CreERT2, pjjc 11ox/lox ere created. The FLP-recombinase which is controlled
by the Pdx1 promoter in this model recombines and deletes the frt-flanked stop cassettes
before the oncogenic Kras®'?® and the 4-hydroxytamoxifen (4-OHT)-inducible CreER™ (Figure
4). Consequently, the mice are expressing oncogenic KRAS®!?P |eading to PDAC formation.
Additional CreER™ expression allows recombining the loxP-flanked Pdk1-locus by treating
the mice with 4-OHT. To accelerate PDAC formation mice with additionally deactivated
tumor suppressor p53 were generated using a frt-flanked Trp53 allele (Schonhuber, Seidler
et al. 2014). The cell lines used in this study for in vitro experiments were generated in

Dieter Saurs lab from pancreatic tumors of DRS-mice.

Pdx1-Flp;FSF-Kras®'20";

F SF-R26CAG-CreERT2 - P ¢ lox/lox B L T
HsPoo N === 90 kDa
Poxt [ ey o[- — oo
Kras =12
Stop C .
frt frt et 3358
— :
= - — 250b
REReRe — — (Pdkl%el)
frt frt
Pdk1 (
{HPdki
loxP loxP
D EtOH (380 bp) 4-OHT (250 bp)
Pdkl —» —
Pl = ¢—{lpikiT}4—— “——
loxP loxP loxP

Figure 4. A dual recombinase system (DRS) mouse model enables expression of oncogenic KRAS and
controlled deletion of PDK1

A Under control of the Pdx1 promoter, Flp is expressed and removes the stop-cassetes, so oncogenic
Kras®'?P and CreER™ get expressed. If 4-OHT is added, CRE is activated and the loxP flanked Pdk1 allele
gets recombined (Schdonhuber et al., 2014). B The protein immunoblot shows the deletion of Pdk1 in 4-
OHT-treated cells (T). In the EtOH-control (E) the Pdk1-specific band is still visible. A 8-day treatment with
4-OHT or EtOH was used. Hsp90 served as a loading control. C, D Recombination of the Pdk1 locus was

controlled via PCR.



5.8 Aim of this work

This work targets the question whether depletion of Pten can compensate a Pdk1 deletion in
Murine PDAC cells. A study of the Saur group showed that PDK1 is indispensable for PDAC
formation and thus a promising putative target for pancreatic cancer therapy therapy
(Schonhuber, Seidler et al. 2014). However, PDK1-independent clones could be isolated from
Murine PDAC cells (unpublished data by C. Veltkamp, Ag Saur). This leads to the question of
why some cancer cells are not dependent of PDK1 and which mechanisms this resistance is
underlying. Deletion of both Pdk1 alleles resulted in normal life expectancy and showed no
signs of PDAC or pancreatic intraepithelial neoplasias (PanIN), which are precursor lesions of
PDAC. However, inactivation of only one Pdk1 allele did not prevent PanIN and PDAC
formation (Eser, Reiff et al. 2013). The Saur lab with K. Sleiman (PHD candidate) used a
genome wide CRISPR/CAS9 knockout enrichment screen to target this question. Multiple hit
genes were found whose deletion seemed to cause an independence of Pdk1; including the
tumor suppressor PTEN (Figure 2). This dissertation targets the question whether depletion

of PTEN can compensate a PDK1 deletion in Murine PDAC cells.
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6. Material

Table 1. Technical equipment

Device

Source

Analytical balance BP610

Sartorius AG, Gottingen

Bacteria incubator

Heraeus GmbH, Hanau

Bag sealer Folio FS 3602

Severin Elektrogerate GmbH, Sundern

Centrifuge 5427 R

Eppendorf AG, Hamburg

CO; incubator HERAcell®

Fisher Scientific GmbH, Schwerte

Electrophoresis power supply 1

Analytik Jena GmbH, Jena

Electrophoresis power supply 2

Bio-Rad Laboratories GmbH, Munich

Gel Doc™ XR+ System

Bio-Rad Laboratories GmbH, Munich

Gel electrophorsis system

Analytik Jena GmbH, Jena

Glass ware, Schott Duran®

Schott AG, Mainz

HERAsafe® bilogical safety cabinet

Thermo Fisher Scientific Inc., Waltham,
USA

Horizontal gel electrophoresis system

Analytik Jena GmbH, Jena

Laminar flow Envair eco

Envair Deutschland GmbH,
Emmendingen

Magnetic stirrer, lkamag ® RCT

IKA® Werke GmbH & Co. KG, Staufen

Microcentrifuge 5415 D

Eppendorf AG, Hamburg

Microscope DMIL LED

Leica Microsystems GmbH, Wetzlar

Microwave

Imtron GmbH, Ingolstadt

Multifuge X3 FR

Fisher Scientific GmbH, Schwerte

Multipette stream

Eppendorf AG, Hamburg

Odyssey® infrared imaging system

Li-Cor Biosciences, Lincoln NE, USA

Orbital shaker

Carl Roth GmbH & Co. KG, Karlsruhe

Pipet controller Stripettor™

Corning Inc., Glendale, USA

Pipettes

Eppendorf AG, Hamburg

Spectrophotometer NanoDrop 1000

Pqlab Biotechnologie GmbH, Erlangen

Thermocycler “Biometra Tone”

Analytik Jena GmbH, Jena

Thermomixer compact

Eppendorf AG, Hamburg

Vortex Genie 2

Scientific Industries Inc., New York

Water bath 1003

GFL Gesellschaft fur Labortechnik mbH,
Burgwedel

Western blot system (Mini-Protean® Tetra
System)

Bio-Rad Laboratories GmbH, Feldkirchen

Table 2. Disposables

Disposable

Source

Cell culture plastics

Becton Dickinson GmbH, Franclin Lakes, NJ,
USA; Greiner Bio-One GmbH, Frickenhausen;
TPP Techno Plastic Products AG,
Trasadingen, Switzerland
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Cell scrapers

Sarstedt® AG & Co. KG, Nurmbrecht

Combitips Advanced™

Eppendorf AG, Hamburg

Conical tubes, 15 mL, 50 mL

Falcon™ Fisher Scientific GmbH, Schwerte

Cryo tubes

Sarstedt® AG & Co. KG, Niirmbrecht

Filtropur S 0.45

Sarstedt® AG & Co. KG, Nurmbrecht

Nitrocellulose blotting membrane (0.2 um)
Amersham™ Protran®

Cytiva GmbH, Dassel

Pasteur pipettes

Hirschmann Laborgerate GmbH & Co. KG,
Eberstadt

PCR reaction tubes

Eppendorf AG, Hamburg

Petri dishes

Sarstedt® AG & Co. KG, Niirmbrecht

Pipette tips

Sarstedt® AG & Co. KG, Niirmbrecht

Reaction tubes, 0.25 ml, 0.5 mL, 1.5 mL and
2mL

Reaction tubes, 0.5 mL